INTRODUCTION
============

Students may learn a lot from working in groups, but the learning potential of collaboration is underused in practice ([@B25]), particularly in science education ([@B39]). Collaborative, cooperative, and team-based learning are usually considered to represent the same concept, although they are sometimes defined differently ([@B30]); we consider these concepts comparable and use the term "collaboration" throughout the paper. In collaborative learning, students participate in small-group activities in which they share their knowledge and expertise. In these student-driven activities, the teacher usually acts as a facilitator ([@B30]).

Several decades of empirical research have demonstrated the positive relationship between collaborative learning and student achievement, effort, persistence, and motivation (for reviews, see [@B52]; [@B65]; [@B3]; [@B25]). Collaborative learning potentially promotes deep learning, in which students engage in high-quality social interaction, such as discussing contradictory information ([@B61]). In science education, a deep-learning approach is crucial for understanding concepts and complex processes ([@B58]). Understanding of these concepts involves a process of conceptual change, a process particularly activated in collaborative learning, whereby students interact by explaining to and questioning one another critically ([@B59]; [@B34]). In previous papers, we have explored and emphasized the relevance of collaborative learning in undergraduate biology courses ([@B66], [@B68]). By comparing university student achievement in a biology course in individual and group settings, [@B34] found that students in group settings achieved significantly better with respect to conceptual understanding in comparison with students in courses with an individual setting. Besides these cognitive benefits, collaborative learning provides social skills needed for future professional work in the field of science.

Just forming groups, however, does not automatically result in better learning and motivation ([@B45]; [@B17]; [@B27]). In their study of university students' preferences for collaborative learning, [@B44] found an overwhelming preference for individual forms of learning. Students are hesitant about group work because of the occurrence of "free riders," logistical issues, or interpersonal conflicts ([@B35]; [@B1]; [@B43]; [@B49]; [@B20]). As a result, students might opt for a strategic approach by dividing the work and merely using a stapler to "integrate" their work into a group paper. [@B23] refer to groups showing this kind of superficial behavior as "pseudo learning groups." In turn, the resulting lack of synthesis can be disappointing for teachers. Dividing work also implies that students lose the potential learning effect of collaborating, since the extent to which students benefit from working with other students depends on the quality of their interactions ([@B59]; [@B29]; [@B41]; [@B62]). Insight into factors that facilitate collaborative learning is critical for understanding how collaboration can be used effectively in higher education. Therefore, in the present study, we explore factors that optimize the quality of collaboration, using examples of effective group work in five different life sciences courses.

POTENTIAL FACTORS ENHANCING THE EFFECTIVENESS OF COLLABORATIVE LEARNING
=======================================================================

Social interaction is crucial for effective collaboration ([@B62]). Learning outcomes of collaborative-learning groups have been found to depend on the quality of student discussions, including argumentation ([@B55]; [@B10]), explaining ideas to one another ([@B60]), and incorporating and building on one another's ideas ([@B4]). These interactions with peers are assumed to promote students' cognitive restructuring ([@B63]). Explaining things to one another and discussing subject matter may lead to deeper understanding, to recognition of misconceptions, and to the strengthening of connections between new information and previously learned information ([@B69]). The question of how to organize collaboration in a way that promotes these kinds of interactions is paramount.

Decades of research on group work have resulted in the identification of various factors that potentially enhance the effectiveness of collaboration. These factors can be differentiated as primary factors (design characteristics) and secondary or mediating factors (group-process characteristics). Regarding primary factors, groups need to be small (three to five students) to obtain meaningful interaction ([@B36]; [@B25]). With respect to group composition, mixed-ability groups have been found to increase performance for students of lower ability, but this composition does not necessarily benefit high-ability students ([@B64]). Equal participation, however, has been shown to be more important for students' achievement than group composition, because students are more likely to use one another's knowledge and skills fully when all students participate to the same extent ([@B70]). Heterogeneity, with respect to diversity of perspectives and styles, has been found to increase learning, particularly in groups working on tasks that require creativity ([@B31]). The nature of the task has been shown to be an important factor as well. Open and ill-structured tasks promote higher-level interaction and improve reasoning and applicative and evaluative thinking to a greater extent than closed tasks ([@B18]). In addition, complex tasks provoke deeper-level interactions than simple tasks ([@B22]).

Concerning secondary or intermediate factors affecting group work, positive interdependence theory is one of the best-founded theories explaining the quality of interaction in collaborative learning ([@B52]; [@B23], [@B24]; [@B19]). According to this theory, collaboration is enhanced when positive interdependence exists among group members. This is achieved when students perceive the contribution of each individual to be essential for the group to succeed in completing the assigned activity ([@B24]). Positive interdependence results in both individual accountability and promotive interaction. Individual accountability is defined as having feelings of responsibility for completing one's own work and for facilitating the work of other group members. A sense of mutual accountability is necessary to avoid free riding ([@B24]), which occurs when one or more group members are perceived by other members as failing to contribute their fair share to the group effort ([@B1]). Promotive interaction has been described as students encouraging and facilitating one another's efforts to accomplish group goals, both with respect to group dynamics and the subject matter ([@B24]).

Methods of inducing positive interdependence interaction are either reward or task based ([@B25]). Reward-based interdependence structures the reward in such a way that students' individual grades depend on the achievement of the whole team. According to [@B53], [@B54]), collaborative learning is rarely successful without group rewards. In higher education, however, findings on the effects of reward-based interdependence are inconclusive. The main concern is that rewards stimulate extrinsic motivation and may be detrimental to intrinsic motivation ([@B42]). Intrinsically motivated students put effort into a task because they are interested in the task itself, while extrinsically motivated students are interested in the reward or grade ([@B12]). Strong incentives, such as grades, could steer student motivation toward the reward and subsequently reduce the task to being a means to an end. [@B48], however, found that using rewards (individual grades) created high positive interdependence in group work at a university level. They concluded that the reward structure did direct students' motivation toward final grades, while the task still aroused the interest of the students. In contrast, [@B47] found that rewards were not crucial factors affecting group behavior. Their study showed that groups continued to work even after the reward was removed, whereas the efforts of students working individually decreased after the reward was removed.

In structured task-based interdependence, students are forced to exchange information; this can be achieved by assigning group members different roles, resources, or tasks (the "jigsaw" method) or by "scripting" the process, which involves giving students a set of instructions on how they should interact and collaborate ([@B26]; [@B14]). The effects of task structuring on collaborative learning are, however, not clear ([@B16]; [@B21]; [@B48]). [@B21] observed no differences in achievement between students who worked in jigsaw-structured groups and students who worked individually. In contrast, the observations of [@B8] indicated that students in groups with given roles plus rewards interacted significantly more frequently than students in groups with given rewards only or in groups without structured interdependence factors. (Over)structuring interaction processes, on the other hand, could threaten intrinsic motivation and disturb natural interaction processes ([@B14]). Although it is widely accepted that positive interdependence has been shown to be crucial in evoking social interaction, in practice, university students often tend to merely go through the motions and choose the solution requiring the least effort, which explains why positive interdependence often does not emerge ([@B45]). Additional methods are necessary to encourage quality interactions that enhance learning. Moreover, the mixed results of university education studies concerning structuring interdependence---using either rewards or task structuring---do not solve the challenge of how to create interdependence without disturbing the intrinsic motivation of students. Forcing students to interact could endanger student autonomy and motivation, while merely putting students together has been shown to be ineffective.

THE CURRENT STUDY
=================

Despite the considerable amount of research on collaborative learning, less is known about how to structure university-level group work in order to capitalize on the benefits of collaborative learning. The studies discussed earlier focused on primary and secondary education and are not fully applicable to higher education, because students in undergraduate classes may have different schedules and often have not met before. Moreover, group work of university students is mostly organized outside class hours in the absence of teachers. Furthermore, literature in this area may be limited in applicability, as many studies of factors affecting collaboration have used (quasi)experimental designs, in which outcomes of two or three designs were compared ([@B24]). A restriction of this method is that only the hypothesized independent variables are studied, while other important factors contributing to effectiveness might be overlooked. In our study, we approached the theme retrospectively, investigating the learning of student groups known to have collaborated and achieved highly, according to their teachers. Rather than focusing on learning outcomes, we explored how group work in these courses was structured. Understanding the factors that facilitate students' collaboration is critical to understanding how this approach to learning can be used more effectively in higher education. We explicitly focused on positive examples of effective collaborative learning, as best practices should be communicated to others ([@B13], p.11).

In the current study, we selected five different life sciences undergraduate courses that comprised successful group-work assignments. The specific question this study aimed to address was, according to the students, what factors increased collaboration in these courses? By uncovering the factors that make collaborative learning fruitful, we aim to provide useful guidelines for instructors implementing collaborative learning.

METHODS
=======

Participants
------------

The present study involved focus group interviews with nine groups of second- and third-year students of five different undergraduate life sciences courses. We depended heavily on these focus group interviews to develop our understandings. They allowed us to gain insight into students' perspectives, which is important because, to a large degree, students' perspectives of instruction affect what they do and learn ([@B50]). Furthermore, the group exchanges of experiences and perspectives promoted breadth, as well as depth, in our understandings of the cognitive, behavioral, and situational factors contributing to the effectiveness of the collaboration. The particular courses were selected because they all implemented group work that, according to teacher assessments and student evaluations, was very effective. We approached the instructors of these courses with the request to ask their students to volunteer in focus group discussions. Students were willing to participate in these focus group discussions, although not all students were able to meet at the scheduled times. No specific reward was promised for participating in focus group discussions.

Between two and 10 students participated in each of the nine focus group interviews (see [Table 1](#T1){ref-type="table"}).

###### 

Course, number of focus group interviews, and students per interview

  Course                           Number of focus group interviews   Students per interview
  -------------------------------- ---------------------------------- ------------------------
  A. Biology honors book project   3                                  2; 6; 6
  B. Immunology                    2                                  5; 5
  C. Advanced cell biology         1                                  10
  D. Molecular cell biology        1                                  3
  E. Quality Studies in Pharmacy   2                                  6; 6

Course Descriptions
-------------------

We focused on five courses that were all small-enrollment, upper-division courses in which 15--35 students participated per course. In all courses, collaborative activities occurred during class hours but also outside of class. In some courses, the out-of-class cooperative activities even exceeded the in-class activities.

Course A: The first course was part of a biology honors program. In this part of the program, groups of second-year bachelor's students (12--19 students) were assigned the group task of writing a popular science book about a biology topic of their choice. Students had to perform all the activities necessary to produce the book. The project was strongly student-led, and students assigned themselves tasks necessary for finishing the project. The assignment comprised an entire academic year, starting in September and finishing in May/June as an extracurricular activity. More details of this course are described elsewhere ([@B66]).

Course B: Students in the immunology course, mostly third-year students, were assigned the task of writing, in groups of four, a short research project on an immunological topic. The assignment was structured in three parts: in part 1, groups designed a draft of their proposal; in part 2, the groups peer reviewed the draft of another group; and in part 3, the groups received the draft and comments of yet another group, which they had to finish and present. The assignment comprised approximately half of the course.

Course C: In the advanced cell biology course, three small teams of four or five students collaborated intensively during a semester of 15 weeks to formulate three PhD proposals within an overarching theme. Because the course was student-led, the teachers refrained from guiding the students in their decisions, instead taking a facilitating role by asking critical questions and providing feedback. As a result of the project, the teams presented and defended their research program and the three research proposals before a jury of experts. More details of this course are given elsewhere ([@B67], [@B68]; [@B46]).

Course D: The objective of the molecular cell biology course was to learn to design a research project in groups of four. In this course, students were required to complete multiple assignments, such as reviewing a paper, developing a research proposal, designing experiments, and writing and defending their proposals. Groups met with their supervisor once a week and were supposed to keep the course coordinator informed on their progress. Final grades were based on individual (40%) and group (60%) components.

Course E: As a part of the pharmacy course, third-year students, in groups of four to six participants, were required to analyze the quality of a specific pharmacotherapy. The assignments were authentic and were provided by external commissioning companies. The group assignment counted for 70% of the final grade (50% group report and presentation; 20% individual reflection).

Interviews
----------

The interviews were semistructured and included two basic questions: 1) "What factors made group work effective in this course (as opposed to other experiences you have had)?" and 2) "What was the added value in this course of working in a group (as opposed to working individually)?" The addition of "as opposed to ..." was aimed to encourage students' thinking process; we did not ask students to elaborate on these opposing experiences. Interviewers stimulated and moderated discussions, ensuring depth as well as diversity. To focus and structure the interviews and to stimulate the sharing of discussion outcomes, we listed the answers to the two questions on a flip chart.

Procedure
---------

First, the intentions of the interview were clarified, followed by an explanation of the confidential nature of the interview. All students agreed and gave permission for the interviews to be audiotaped. All of the authors conducted one or more interviews, with the first author (K.S.) moderating them. The focus group interviews were held in or near the classroom associated with each of the specific courses. The interviews were ∼60 minutes each and were transcribed verbatim.

Analysis
--------

### Detecting Factors That Facilitated Group Work.

Data were analyzed by the first and fourth authors (K.S. and J.V.) in three partially overlapping stages. Stage 1 comprised reading and rereading the transcripts to identify text units relevant to the subject of challenge. Given the aim of the focus group interviews, this meant ignoring small talk and sorting discussion units related to the two interview questions into focal issues. Stage 2 comprised identifying and coding themes related to the two main interview questions regarding 1) factors and 2) added value, using NVivo version 10 (a qualitative data-analysis computer software package). First, open coding was applied. The answers to both questions, however, evoked answers that pointed to intermediary variables affecting the outcomes of collaboration. For example, the question regarding factors brought forward the importance of the assignment being complex enough to make students feel mutually interdependent, while for the question regarding added value, students referred back to how the complexity of the assignment stimulated them to discuss, build on, and learn from one another's ideas. The interactions provoked by the complexity of the task seemed to connect complexity with learning outcomes. Therefore, when axial coding was applied, we decided to develop three clusters of codes focused on the factors of effective collaboration, the mediating variables, and the added value of collaboration. Subsequently, selective coding was applied, wherein codes were clustered into larger sets informed by theory ([@B7]). Only factors that were mentioned in more than half of the focus groups were kept. This resulted in two sets of factors. The first set of factors related to the design of the group assignment (autonomy, group size, task design, and teacher expectations). The second set consisted of mediating variables related to the working processes of the groups (team and task regulation, promotive interaction, interdependence, responsibility, and mutual support and motivation).

### Reliability and Validity.

Reliability is considered in terms of equivalence and internal consistency ([@B51]). Reliability was ensured by intercoder consistency ([@B9]). Given the complexity and inhomogeneity of group discourse, agreement testing was constrained to core concepts or themes of substantive importance ([@B28]). The equivalence of coding was addressed by selecting 20% of the data and comparing the coding of two secondary raters (10% each) for consistency, which yielded a kappa coefficient of 0.85. This strength of agreement is considered to be "nearly perfect" ([@B15]). Internal consistency was acquired by having one team member moderating all (but one) of the interviews ([@B28]). The emergence of substantively similar viewpoints of the focus groups on the core issues across the five different courses supported content validity ([@B28]). Furthermore, we assessed content validity by independent coding and by comparing this with theory in extant literature ([@B38]; [@B56]).

RESULTS
=======

Factors That Contributed to the Effectiveness of the Collaboration
------------------------------------------------------------------

Eight factors were found to have a positive effect on the effectiveness of the collaboration. These factors are presented in [Table 2](#T2){ref-type="table"}: 1) design factors: the design of the course and/or the assignment (the autonomy of the students, task characteristics, teacher expectations, and group size); and 2) process factors: the way students interacted and organized their work (team and task regulation, interdependence, promotive interaction, and mutual support and motivation).

###### 

Factors that contributed to the effectiveness of the collaboration

  Codes                           Subcodes                        Number of sources and references^a^   Examples
  ------------------------------- ------------------------------- ------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Design factors                                                                                        
  Autonomy                                                        9; 49                                 Student 1: It's also the independence, that we did everything ourselves, so you feel more responsible. Student 2: The independence makes you more motivated, you know, that it's your own thing. Student 3: And also, there's no one you can technically blame.
  Task                            Density and complexity          7; 35                                 Because group work is the core of this course, that's what makes it work ... this is 100% of your grade so you also really learn how to work in a group because you have to make it work.
                                  Relevance                       6; 21                                 It's important that we're feeling that we're doing it the same way people do it later in the future, because if it's just a presentation or an essay then you don't feel the same kind of pressure.
  Rewards                                                         7; 19                                 We have written a really cool article ... this is much nicer than exams, we now have something useful.
  Group size                                                      7; 18                                 If it is a small group you have no one who could technically take your part.
  Process factors                                                                                       
  Team and task regulation                                        9; 71                                 It was important that we made agreements at the start ..., for example that we agreed to finish the report a week before the deadline, and about who did what, and what the rules were, these kinds of things.
                                                                                                        Yes, you need the mutual responsibility more than in other courses. Because you have more freedom, you are more willing to lay these things upon yourself.
  Positive interdependence        Needing one another's efforts   9; 23                                 I think you also need your group actually, in terms of being able to finish the project, because the project we made was so large, you have to contribute to get it done.
                                  Responsibility                  6; 15                                 There's the responsibility, because, when you write an essay individually, when you screw up, the consequence is yours only. But now, you are with a large group, and unconsciously, you have the feeling that it has to be good, because otherwise others will suffer as well.
                                  Complementing one another       9; 26                                 Everybody brings his specialty; we had one girl for example who knew a lot about stem cells, something she likes a lot.
  Promotive interaction                                           9; 47                                 Well, you have to discuss things ... and you always get a lot further because you get so much feedback from everyone.
  Mutual support and motivation                                   5; 18                                 Also there's the happiness because people get quite indulged with their project and are really, really passionate about it, and it rubs off on one another within the group.

^a^"Source" refers to how many of the nine interviews the topic was discussed in; "reference" refers to the total number of times the topic was discussed.

[Table 2](#T2){ref-type="table"} shows that autonomy and the density and complexity of the task were the factors most frequently mentioned by the students as contributing to the effectiveness of the collaboration. Team and task regulation, positive interdependence, and promotive interaction were perceived by students as the most important factors with respect to the way they processed the assignments. In the next section, we describe the results more elaborately, starting with the design features of these courses that are considered to enhance collaboration processes.

Design Factors
--------------

The *autonomy* the groups experienced was mentioned in all focus groups, indicating the importance of this factor to the effectiveness of collaboration. Autonomy was manifested in allowing student groups to choose their own topics (e.g., for their research plans) and giving them independence in organizing their processes. Statements such as "It was our own thing" occurred frequently in all nine focus group discussions. The references to "our thing" indicate that the students made choices as a group, which could have restricted individual feelings of autonomy. The students, however, did not seem to have experienced clear boundaries between individual and group autonomy. Even though their personal ideas may have been overruled by the team, they still felt autonomous, because they made decisions democratically. As one of the students said, "When you participate in the decision process it is easier to accept than when the decision is made by the teacher."

Two features of the task were perceived as important contributors to the effectiveness of the group work. First, the *density and complexity* of the task was crucial. The group task needed to be extensive enough for the group members to really need one another's contributions to finish in time and complex enough to require them to discuss their work and provide one another with feedback. Second, students perceived the *relevance* of the task at hand to be an important feature. The task relevance was found in different aspects, depending on the assignment. For the biology honors groups, for example, the process of writing a popular science book and getting it published increased their feelings of doing something significant. The cell biology and immunology groups emphasized the relevance of doing research, in terms of formulating a relevant proposal in the same way as it is done "in the real world."

In terms of *rewards*, students emphasized that the inherent value of the end product, such as an article, a research proposal, or a book, stimulated them to achieve, which relates back to the perceived task relevance. As a student of the biology honors course said, "We have also had other group projects ..., but that was taken less seriously, because you, well it was nice, but well, the result wouldn't reach beyond the classroom, while in this project it will." There were no grades involved in this particular course, which students appreciated, because they believed the end product to be more important than a grade. Also, in other groups, discussions about assessment were learning and/or reward oriented rather than grade oriented; for example, in one of the pharmacy groups it was said: "You are in a learning process, and I think sometimes that it is a shame that it should end in a grade---that creates a tension. And if things go wrong, that could be very beneficial for your learning, but it can also happen that you do not receive a high grade for it."

In all of the interviews, students mentioned that it was crucial that the task was the core project in the course at that time, as students of the immunology course stated: "I think also because this is not something you do on the side, but this is the only thing we do at the moment, it is the main activity." The fact that students' final grades depended primarily on the group assignment was mentioned in some groups. Students emphasized that in previous experiences with group assignments they had not collaborated as intensively because their final grade did not depend largely on the team assignment.

Finally, *group size* was considered a factor stimulating collaboration in seven of the groups, specifically related to the level of responsibility students felt. Groups of three or four were believed to be optimal: "Otherwise, you get a sort of diffuse responsibility ..., and with four you are clearly responsible for an important part of the process."

Process Factors
---------------

The need for *team and task regulation* was mentioned most frequently in the focus group discussions as an important factor increasing the effectiveness of collaboration. Students divided tasks, appointed team leaders, and set their own deadlines. Organizing frequent face-to-face meetings was very helpful, according to students: "That we met each other physically, instead of doing everything by mail or chat, like in other projects. This works much better, if you can look each other in the eyes it is way faster and more efficient to manage and decide things .... It also increases the pressure, everybody prepares for a meeting." The quote in [Table 2](#T2){ref-type="table"} indicates the direct relation between the autonomy of the groups and their dedication to following their self-made group regulations.

As shown in [Table 2](#T2){ref-type="table"}, students in all nine focus groups experienced a sense of *positive interdependence* in terms of needing one another in order to succeed and achieve their goal. The feeling of responsibility was discussed in six groups. The related issue of "uneven contribution" was discussed in all nine of the focus groups: students did experience differences in power and effort between team members. Interestingly, students did not perceive this as free riding. According to the students, some degree of uneven contribution is only natural; the students all did their best, but as the students said, "There weren't students who contributed less; there were only students who contributed more." According to the students, this uneven contribution was due to power differences, not to disinterest or laziness. Students showed empathy for their peers who contributed less: "The strong people might go too hard for the other people to be able to catch up." This may have caused frustration in students who felt they were lagging behind, as one of them revealed: "You have that responsibility that drives you and then you feel the need to do more, but perhaps that is beyond your capabilities at that point." Some of the groups discussed the issue of uneven contribution while working on their projects, but always, they stated, in an "understanding and respectful way." Furthermore, students in all nine interviews mentioned the fact that the variety among students was useful and enhanced the discussions: "working in a group consisting of clones of yourself" would not be as interesting, one of the pharmacy groups stated.

All nine groups mentioned the need for *promotive interaction* several times, drawing attention to the need to discuss content to accomplish team goals. They mentioned several indicators of promotive interaction: discussions, exchange of information, and arguments, building on one another's ideas, explaining to one another, providing and processing peer feedback, and asking one another critical questions. According to the students, these discussions enhanced their understanding, and they also learned how to discuss, voice their opinion, explain, listen to others, accept feedback, and reflect on their own work.

Last, but not least, students talked enthusiastically about the way they *supported and motivated* one another. There was explicit help and pep talks, and, perhaps even more importantly, implicit mutual inspiration effected by them perceiving the motivation of their peers.

Contextual
----------

Finally, we found one *contextual* factor (not included in [Table 2](#T2){ref-type="table"}) contributing to collaboration: the shared motivation of students to get the best out of the group assignment. Students mostly linked their having similar motivations to the fact that they were in their second or third year (four of the five courses were third-year courses). First, the students already knew one another: "When you are in your first year, you do not know each other, and some people are a bit insecure, so to say. But now we know each other, so we may scold each other all we can." Furthermore, students suggested being equally motivated, because the unmotivated students had already left in previous years.

CONCLUSIONS AND DISCUSSION
==========================

The purpose of the current study was to find factors that enhance student collaboration. The collaboration processes (task and team regulation, mutual support and motivation, positive interaction) used by these students were distinctly effective. During these processes, positive interdependence was clearly present, supporting the notion that positive interdependence is a crucial factor affecting the effectiveness of collaboration ([@B24]). Although the interview data do not allow causal relations between design factors and collaboration processes to be inferred, it seems reasonable to assume that positive interdependence was evoked by a combination of the nature of the task (autonomous, relevant, dense and complex, group rewards), the prominent placement of the group assignment within the course, and the group size.

Process Factors
---------------

The results indicate that *positive interdependence* was an important factor contributing to the effectiveness of collaboration. The positive effect of interdependence on student achievement has already been well documented (for reviews, see [@B52]; [@B65]; [@B25]). Although we disassembled the factors contributing to collaboration in the analysis , we assume interdependence does not consist of a single factor but rather is constructed through the interaction between motivated students and design factors (the nature of the task and student autonomy). Furthermore, the fact that the final grade depended primarily on the group assignment can be expected to have contributed to students' interdependence, which would concur with the findings of [@B53]. Interestingly, however, these students seemed to value the learning process and the products they were working on more than their grades. Our finding, that a sense of achievement rather than a grade was of greater importance in motivating interdependence, contradicts findings of [@B53] and [@B57]. [@B57] found that the degree of active participation of university students in collaborative groups was affected by the importance they attached to grades: students who perceived grades as highly important were more active collaborators.

The enthusiasm of the students when speaking of the way they supported and motivated one another and regulated the team and task processes indeed indicates the occurrence of strong self-regulatory processes. Although some structure was provided beforehand in all five courses (e.g., final deadlines), students were perceived to be autonomous in the planning and regulation of their work, which they said added to their motivation to follow their own rules and planning. This direct relationship between perceived autonomy and self-regulatory behavior is aligned with self-determination theory ([@B12]). According to [@B12], when teachers are supportive of student autonomy, students are motivated to internalize the regulation of their learning activities, whereas when teachers are controlling, self-regulated motivation is undermined. The self-regulatory social processes of these students, encouraged by the autonomy they were provided, were the most important factors increasing the effectiveness of their collaboration in these five cases.

Individual accountability is an important aspect within the theory of positive interdependence. Interestingly, instead of accountability, students used the word "responsibility." The difference between responsibility and accountability is meaningful, because accountability is focused on the end result, or being answerable for your actions to relevant others, while responsibility is related to the task. Responsibility is viewed as having a higher level of autonomy and involves the ability to self-regulate actions free of external motivational pressure. In contrast, the accountable actor is subject to external oversight, regulation, and mechanisms of punishment ([@B6]). The term "responsibility" more appropriately fits the collaboration in these cases, as one of our participants illustrates: "You feel the responsibility to other people in your group, because as soon as soon as you drop the ball, the rest have to work harder." This student does not refer to consequences externally imposed on him, but he feels responsibility toward others. The effect this has may be the same as when students are forced to be accountable because of reward- or task-based structures, as suggested by [@B24]; however, the nature of the motivation is more intrinsically than extrinsically induced.

Related to the issue of accountability or responsibility is the problem of free riding, which is one of the main problems of group work in higher education ([@B35]; [@B1]; [@B43]; [@B49]). In the interviews in which the issue of free riding came up, however, groups did not seem to have experienced the phenomenon. A putative explanation for the lack of free-riding behavior is the incidence of accountability ([@B53]; [@B24]; [@B40]), as students definitely felt responsible for the end result. The way students spoke about their group members, however, was in terms of mutual trust rather than accountability. Students recognized differences in contribution but did not perceive this as problematic. They were empathic toward differences between students. If there were negative feelings at all, the low contributors were more apt to feel frustrated, indicating that the differences in contribution were, as [@B20] have suggested, involuntary and due to inadequacy rather than apathy or laziness.

Design Factors
--------------

In the five courses of this study, the combination of design factors seems to have prevented free riding. Although the causal nature of the relationship between design features of the group work and effective group processing cannot be claimed in the current study, the results indicate that, in particular, perceived autonomy and the challenging nature of the task evoked students' motivation to make an effort. The relevance of the tasks, which required students to produce something new (to them) and something original and tangible, motivated students. The tasks were also open and complex, which are features that have already been found to promote deeper-level interactions than simple tasks ([@B22]; [@B11]). Autonomy was a factor frequently mentioned as contributing to the effectiveness of the group work. Contradictory to [@B24] recommendation for teachers to structure processes, students of these courses designated the autonomy they had in choosing their topic and in organizing the process, as one of the factors increasing their motivation. Results from organizational research show that autonomy can, in fact, increase teamwork achievement, but only when positive interdependence is high ([@B32]). Autonomy combined with low interdependence decreases achievement, indicating that autonomy should be combined with challenging tasks. Although autonomy and level of challenge in a group assignment appears to be vital, instructors in different settings may need to use greater scaffolding.

Future Research and Concluding Remarks
--------------------------------------

It is important to keep in mind the small sample and restricted context when interpreting these findings. Although the results have been obtained in small-enrollment, upper-division courses, we think that our findings might also be transferable to large-enrollment courses, provided students will be working in self-directed small groups on substantial and relevant projects. As generalizability requires data on large populations, the findings of our five cases within a restricted context are not necessarily representative of the larger population. We believe, however, that there are strong reasons for our findings to be deemed "transferable" ([@B33]) to comparable situations. While generalization is applied by researchers, transferability is a process performed by the readers of research ([@B37]). Unlike generalizability, transferability does not involve broad claims but invites readers of research to make connections between elements of a study and their own experiences ([@B2]). According to [@B5], p. 19), implementing scientific findings is always difficult in education, "because humans in schools are embedded in complex and changing networks of social interaction." Therefore, we do not claim to have produced broadly generalizable findings but instead invite the reader to identify how the findings can be transferred to his or her situation. Similar studies with data from other university contexts, such as other countries or other class settings, would help in understanding how the conditions that facilitate collaborative learning relate to different settings.

We assume, however, that the concept of evoking, rather than enforcing, positive interdependence by increasing autonomy and the challenge level of the task provides relevant insights for discourse on effective design of group work within life sciences education. Students in life sciences education, in general, are quite experienced in working in groups and in regulating their own work. Autonomy, combined with a challenging task, evoked interdependence and generated interaction as well as student motivation in these five cases. Structuring the process, for example by scripting, seems unnecessary for promoting student interaction. It was, in [@B14] words, not necessary to "didactisise" collaborative interactions or to disturb the autonomy and natural interactions of students. Moreover, structuring the process could have impeded the feeling of autonomy, which is crucial for student motivation (Deci and Ryan, 2000). [@B8] came to a similar conclusion in their investigation of the influence of types of interdependence (roles, rewards, roles plus rewards, no structure) on student interaction. The groups with no structured interdependence had significantly more cognitive interactions involving content discussion than the other groups, indicating that structuring interdependence is not always necessary with university students. We suggest that collaborative learning with university students should be designed using challenging and relevant tasks that build shared ownership with students.
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